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(54) MAGNETOSTRICTIVE TORQUE SENSOR FOR DETECTING STEERING FORCE 

(57)Abstract: 9 
PROBLEM TO BE SOLVED: To provide a magnetically 
and electrically stable magnetostrictive torque sensor 
for detecting steering force in which a sufficient 
mechanical strength is ensured while reducing energy 
loss due to heat generation. 

SOLUTION: The magnetostrictive torque sensor is 
provided with a magnetic detection unit 1 2 where a coil 
bobbin 23 provided with exciting coils 22a, 22b and 
detection coils 20, 21 is integrated with a yoke 24, and a 
casing 15 made of a highly conductive nonmagnetic 
material. The magnetic detection unit 12 is fitted in the 
casing 15 provided with through holes 26a, 26b for fixing 
a sensor shaft 8 through bearings 27a, 27b. The torque 
detection accuracy of the magnetic detection unit 12 is 
ensured by preventing leakage of magnetism and 
intrusion of noise by means of the easing 15 and an 
energy loss due to heat generation is eliminated at the 
gap between the magnetic detection unit 12 and the 
casing 15. Furthermore, since an inadvertent external 
force transmitted from a steering shaft 9 or a steering output shaft 3 being coupled with the 
sensor shaft 8 is received by the casing 15 through the bearings 27a, 27b, the external force 
has no effect on the magnetic detection unit 12 and thereby torque detection accuracy is 
stabilized. 
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(54) UBHOgft] IM6**affl«ffiahyu^-fe>f- 



(57) [KM] 

2 0, 2 1 Sr<ix.fc=3^ yUsJ?tTV2 3^3-^24 £ — 
ftttLfc«*U*lti«5' h 1 2 £ , #«i4KW«»(D4r 
->>^i 5i«:Rtf\ 'r-'y^'f l 5 KflfctUfcaj-n-^ 

{ClSil?L2 6a > 2 6bSrfiHiU ^ eOKiSJLfc^T L> 
^27a, 2 7 b Sr^L-C-feV^tt 8 £&9tttt5o 

tta^^eii^ixS^FfflS^^Sr^T y >^2 7 a , 
2 7b Sr^lT^-y^ l 5-?£tt5C £-C«ftJfcttS 




6 U 



(2) 

1 

[#fFlf*<7>»5B] 

fc *r - -> v ^* # t tfr IS BB P *• * C T * * * / w 

^t><Dfi^-s-*aai--5m^gBp D piSr^bfc#siiigsa« 20 

2 fEJfc mffla^ S A- * * v-y- 0 
[f»#«4] flflEttStttt, *^ttl«^m*t3i>b^5 
y •> -> a tr <t o XM& £ Jit v> 5 r. t ZW<% t -t -5 if * 

5£ hA^-tr^lJ-, 30 

[0001] 
{0002] 

[0 0 0 3] r«Sro81Sh^t>tll ^r7U 50 
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v y -> +• 7 h ^ x r y >- ymtim t *mm-rz> ± 

£ <D«jR»#teSM*«:ft 9 ^ < ®M=> -Y A*J ctV^ffi = 

[0 0 0 4] «*©»ft*«Ulffl«S*h''i'i5'-fe^^tt 
*«"]«>««•>— ^ K#S*r«a.-0**a»ofcfc«>. *P5 

#*pM**roaMfcfc J: h^^*Ul«*S: 

8 £ Mfe*" 5 r. Am L V ^ V * o fc fflH /i ? *> o fc 0 
[0005] 

mtenwrnm- h * 4 a kt-Io t& w =» w 

[0 0 0 6] rroa&jK^abffi^^hA^ir^lrtt, 
El 5 J: 0 tC, a^Arfftf^l 0 0tr#(Hl^tt 

fcftffia-fyn 0 l cD^ja$r#8£ttil5^«**A>t>ft5'> 
— AKl 0 2fl? r. tl-J;oT^fctj3^/n o 1 

3-^ 1 0 - tici.^XH-US'f X(D& XZVi 

[0 0 0 7] UU ttffl = ^yH0 1o^fi||:*»L 
T?N&tt^aiS*f<7)->-AKl 0 2^K(i$nx^fcfc 

10008) a— ^ i o 3j5s*i#mLw#fire£i 

[000 9] Ktr, i o l ^->-^ K l 0 2 

■frt) Lta-f/^f^ 1 0 0 Sr^L-C*3"9 „ r<73=>^ 
yP/Ke'v l o Oiz^T y v^i 0 4 Sr^LTiSl*6t)(-ir 
>1rttl 0 5^®^LTV^c:fc*6, ir vf-tt 1 0 5 (r« 

i^-rs^^T y yy>+7 h^T7!) >^mt>M<Dm 

a^/W/Kfvi O0i<*:|r^^«»^5£CSoI 
Bltt*Sfo»7> Mf-tt. tfttUa-f/H 0 1, >-AKl 0 

2, s-^io 3«St«>»«-M^t>ttjf*p<)*ffi«aEfl:*s* 

[0 0 10] 

13BWWBW] -tit?. *^B^ro@Wl4, HtHEt*3fefttg 
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So 

[00 1 1 ] 

[0 0 12] IftDWlai? hS:rt»bfc*fl«4WS»« 
v £ r * ± 'y—jv K <h 

oT4C5l?!IIOi^;^- n IIS 

@*Lfc-fe>-y-f[lltt s a«t»Ul3-=y hcott^fS]<Oi^ffi 
WT, ^77 !/ V^->t7 h^f7 !) y^UJAtttt 
a W J; Sff^ai-i^ fit* 

[0 0 1 3] ^-•/y^WfflPSrSCT^t^^ 
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10014] CWS<75#glH]KS«J4, StitSflttlfflfil 
«5fffl©7 * ±x V 5 

•So 

[0 0 15] ftdlET^-fe^^/WtK^ttS^-^ 

10 *8t5: t t>"TtgT-fc5 0 

[0 0 16] r<7?#-g-. #S[H]S§S«g^<7?a3?i^O^ 

■net* 9, tt££hA'*isvir^ftn&&£tt*<x 

[0 0 1 7 ] JElr. -fe^-y-tt^^x Slight LTfi, 

[ooi 8 ] ii&w^T y v^jrft*.-c*«14**««- 

fc%«L, JIS PBC2«-«*W**tS:*Jffli-S^t*sa*U 
[0 0 1 9] *fc % K«aja=y hO$4*lS](OMffig|5 

i ml IB ~ owl©# a (DrtffJ t «>H) tr&mMte t o T 

[0 0 2 0] r<D<k pl^LX, -Jr— v'^JMfcULjStfLT 
W*H*W«y hSrjE«Ucffi|l«t*UTB#i--5*J«4: 

-4A' j &stm="(>i'b* tr—is^-y^mz^Ty^-ym^ 

[0 0 2 1 ] 

Jte^ro»o^|ro^TI¥*IBt-lftW-t--5o H4(4SKj* 
ffl/<!7-^77!J V^^^x^cD^^^^Ty >^> + 

T^Lfc»fffi|g|T-fc5„ 
[0 0 2 2] (D4 lr^$ttS<t *'<-=¥7- 1 
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t7h9^u ^7T!J ^tfi/^y v 9(D^m^mi- 

[0 0 2 3] 7f7 y ^^m^#3i^lS^btt^l 

^ty2l:(l (H**i") c?y# l o# 

[0024] tx, ro»*e^*<7)ias-e, ^rry 

[00 2 5] /<!7-7f7yy^3y hn-7il h^U 

^^ttjm^^c/N-^^-cate^dis^^r y y^ • 
t^!7-7whffi^iBii i«r«»u m«j# 

t°^^v2^iHi^^^r > itBtias^f7yy^» 

[0 0 2 6] BLba*. tWB**UJffl««*h^^'fc>'* 
7 Sr^ijffl Lfc@t)$ffl^y-^r7 y ^jfisx : rJx<Dffi 

[0027] **«6»ffiw»i»e**ai«wss; h 
^^^y-y-7(cov^Ti¥*B^tft?fl^5c BitttMe^tt 

[oo2 8] m&tjj&mmm&iK, v^^±^^i\±. «t 

KSlC^T. -feViM4 8 «ttfflasy h 1 2, *3± 

[0 0 2 9] Z.(Doh, ^77yy^yt7h9^T 40 
T y zs ^ffi**t 3 vy-$4 8 coflMEKiBB LT 

— 3*^«^ta^ttffla- 1 6, 1 7&-mzmm£ix. £ 
gBft^afc*^;*^^ y* i 8 t^TT y isfs^y 
/jNfc. jg«3 9, 4 ottfi[Bi*nteii:o/c*^c 
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t\ iailOT$^^Cyy^3 8a, 3 8btfWL*)tt\'t 

[0 0 3 0] SMtfcfflrL^ yM2tt, EI 2 ( a ) 
$n^>J:5^. WftlC&lv^ ««t**tt»«-l 6, 1 
7tf>fc#<D^ttJ:^/U2 0, 2 1 <h v #^=^^2 
0, 2lMJSf^aBa^;U2 2a l 2 2b, 
t>\ rtlb^^^yl-2 0, 2 1, 2 2 a, 2 2 b £#0 
L^a^yi/*t'y2 3^, n^/^t^2 3$rafflbt 
BHtfeftfca-* 2 4 fcfcioT«*Sn*. 

[0 0 3 1 ] r.<^?*>, 3^2411 ffi^TOfP^ 
X, RWrl^tt^) 2o(D3^^gW2 4 a , 24 b 

ttd±oTfl!/$;i**K *m=J>f^2 o, 2 i*5J:tf]iM8 

a-f^2 2 a, 22b Lfc =i-f yU>^ tT is 2 3COM 

fflij^^, :ilb2o(D3-^Sa , 24a, 2 4b£rH# 

M2*»|jt*ii5. #*5, S)i4 5tt^-tiU 

«Sg-T5fc<OT% 3-^g|5*t2 4a, 2 4b<D©9#l7 t 

[0 0 3 2] ^tt, tfettj3>T^2 0, 2 1 joctU^®^ 
3^2 2a, 2 2 b^bCOy — KaH8¥ 2 5 ft 

3 — ?Mtf2 4 a , 2 4b<D^b^@lcMJ^ 

[0 0 3 3] <{r — y>//l 5 11. 01 K^StlS «t 5 
te* 3t7^t^;H4tl:J:o 

[0 0 3 4] ^r-^y^*fls:i 3(1. -i^ffiPUcS 
/^H 4 iWirl«JKBa=f h l 2*mmtSfr% 

[0 0 3 5] It, SStttftW^-^-!/ h 1 2<D$&jjfa(D 

3<7>ffi 13a, 13 b<£>#*irte, ir>i^$A8 Srffilf 
Sfc*OKii?L2 6a, 26 bJ^KStU 1?>lMtt8 
Z^feSmz^-fZ^T y >>/2 7 a , 2 7bO*M§ 
*SB3e**t5 <t vCiot^So r.nb^Sil?L2 6 
a, 2 6bte. 0 2 (a) K^SftS <fc 5 ^Hl!»Cffi 

ft*Sfl-t*mt\ *Stt(J:lfASixfc^<T y 7 

a, 2 7 b(Dftffiz±mbt'bmbt<nm<Dfkmmz± 

[0 0 3 6] ^-i>>^*:<*:i 3 Ii?g«^^x*fc5fc 
6 a , 2 6 b«<Ott^ir»L-C^*««tt4tt±Jf/lDX 

[0 0 3 7 ] ->y^*ft: 1 3^ffi 1 3 a <7>rtftiJ(r 
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tt. m i x 5 ««t«tu^= y m 2 ^aift 

At-«fcA©**fcJ:oT»**n*DDi!!iiK^tt2 8* 
KttbJv ffil 3b^rt«i:t, i*ti:BWIa>» 

[0 0 3 8J -t tt, rfttettJfcLT, B^etf&tB^-~* 

ffil 3 a, 1 3 b(Drt«lZ«#i-5>t«)0*»BB*fll« 
t5fc6^77^a2 9a, 29b ir^J^gP3 0 a , 
3 0b^K»tfett, riXb^79>> 5 S2 9 a 
3 0a, *3.fct^ 77^tt2 9bi«I*fll3 0bW# 

3 1a, 31 ba««jftSJx5o 

[0 0 3 9] «jW*ttJ^~y h 1 2«r^r— 1 
3fc*9tttt5B8K:tt* iftJjtlB^y h 1 Z&r—*s 

h 1 2<7}[M]fl#r&§P3 1 a ^tr—i/^tf^W- 1 3 0I1 
3 a<ODfliQ«-&eB2 8*c:«-&$^ ^JB#(C, ffi^fcffi^- 
h 1 2CO[lDfl^^35 3 1 b fc-ir— >^^*#1 3(7) 
ffil 3 b<DBflfi«^|F|5Jc^$ii:T, Ift*Ba=y h 

1 2CO^^Vi/gP2 9 a £>5r— v'V^ftl 3 <7)ffi 1 3 

2 9b Sr^r— ->^^*frl 3CDffil 3 b <Z>rtfll^«3»-r 

So 

[0 0 4 0] *fc, *SBfi8iWW^^H 4 

14. «tti3>f /U2 o, 2 i ^^co^f-s-Sr^aai-sfc*^ 

^*laIK*4EI4*«gflc(J:«*S«Srffll*"CV^fc«), # 

riaSnjfg-eifcrK wO#WHIIB&Stt (T***^*^ 
14) l£«fcoT^— 3<7)SPSrSCr fcU: 

j:^ ^^^^20, 2 1 J $>%)M=>^^2 2 a , 2 2 

[0041] T^jo, ^rt't^i^M^ii 0y*.fcf. 

^ttSn^/U2 0, 2 1 ^b^ft-^*««ti"S^:*OfiaE 
[0 0 4 2] 7^t^^*;H 414, -t<E>H(Hi::KttS> 

ixfc*^ab?t«r-fe3/ h** y 3 2 fr*p«$ft, <>- 

HJ=i>f/P2 0, 2 1*5j:(/il^>f^2 2a, 2 2b^ 

4K:«ltbnfc3-***8B3 3i**L. ^au^ 
-OU2 0, 2 1 *3ctl/SftiK='>r^2 2 a , 2 2b^l 

[0 0 4 3] tLt, •feyt«i8*3-f^tr>2 3{: 
SAl, tyf*80W*W»bHl«)CJ^3 8 
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a, 3 8 b&ML&3K -fe>^**8^jl«3 9|CC!J > 
^38at ir>iMft8^iSft40^cy>^3 
8b?:I8Lt, -<r!Jy^27a, 2 7 b<Dfoffi\Zft 
U"C-fe^f-tt8S:*ft*fft(rB3eL, ^^»13 
lc:»i-5*^1^l*8Wtt*^<Di"*tSrKih-t-5 0 ffl^-^ 

£0 2 (b) 

[0 0 4 4] ^coj: 5i-bT«*fi:-ce>ixfcKMe*»ffl 
/BKS* h /u^ ir ^ 7 Sr^> K^=i 9 ^ 6 »c» 9 tttf 

6^$/f 3 5, ioJ;tK x ^T7!i>^i>'t7f9iSr© 

mm p sw» e>**6**aiffl«3i* h /u* ± >v i &m a 

tf*s\7 V 9 SrS^^M-t^^xT y y^=i7A6^ 

[0 0 4 5] ^Lt, ^77!Jy^^t7F9(Oy^iy 
W9a ttyf«i8^^>»l 9 

[0 0 4 6] #:^T\ iK^ffifflll^F/^tyf 

7 7^b<E> = *^ 9tt*r—~ffr 3 4 Sr^>;/^3 SOJLi-ii 
L7h^. ^7'yv'aTvNs/f 3 5C@SU £<7>=i* 

[0 0 4 7] ^iKMi^fcii <9 . ***J#flBfc:*Sl*T 
14. ^m^-fvU2 0, 2 1^11^/1,2 2 3, 2 2 b 
30 «if:lS^7M2^ 7;U^?A^ 

T% ^tii^-f A-2 0, 2 1^«^-f/U2 2a, 22 b 

<7>{aAfcBfriti*n5o rft^iO, *P5t::*H-a»tt* 

7 caife 9 #»t^«r«-e*iss 

40 § 0 

[0 0 4 8] 8 9#lt^St«^4i:5»«tt4» 

50 [0 0 4 9] ISJ^r, tr-is^f ] Sl^ctoT^tti^^ 
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/-U2 0, 2 1 J $>fflM="{Jl'2 2 a , 2 2 b *5 <fct>*3 — * 

[0 0 5 0] a^;Ui|fev2 3 J f'3-^2 4^C 

^JltV^fcft^ B»3^;U2 2a, 2 2 b-^ttS^-f 

^20, 2 1 tim&m^nM<D<y—z<'>y 1 5 t<Dffl 

fc«4+#*IBBItj»*JBjS;$*L, :h^^^f^2 0, 2 10 

1, 22 a, 2 2 b kmrnMrnwrtoitr-'s^yi 5 

[00 5 1 ] LH,8««ffia-?H20ftJH|l: 
^tfibtlfca-? 2 411^-^1 5iaoTi«W 

[0 0 5 2] -fe>iM48li, ^— ->>^*#:i 3 20 

ro?Pt(S]-rS~o<Dffilr^:itbttfcS3i?L2 6a, 26b 
\C<T V y?2 7 a , 2 7 b Srtf* LT Clfc 0 ft" 

(t?>tl-5<75T% ffiM="f/*'2 2 a , 2 2 b^Hia^/V 

2 0, 2 1 *jit>'3 — * 2 4 $r^t?#ttfc3-l'yU7Kt'^ 

*B*Mu«w^Sk fiaj^Lli. BS^g^tiSBtt l 6, l 7lr 
^418 = ^^2 2 8, 2 2 b^fffi3^^2 0, 2 

£j£«Hz#«rc# 5 <fc 5 

[0 0 5 3] Sfc, «S*H*HjMy h 1 2 «5Dfli2iK-&SB 

3 1a, 3 1 b <fc^— v^^flci 3 CDDflditK-g-SB 2 
8, 2 8i©l'&t±(l 1 ^iH3'l'/t'2 O, 2 1^®)^ 
="f^2 2Srfflt*.fc«SU*a3.= y H2i, -fe^lMtt 

8*^>?#»t-5^— -»^*i*i 3 
^*^m^fi6$n€.wt?, •fev^*li8»-H***tfc« 
^S*t4§W 16, 17 tmMtiM\=L- v V l 2 ir&tt 
W;^ffi3^/U2 0, 2 1*3<}:U ! ii)«3^^2 2a, 40 

22b b<»i®KW£&w.M&i>mmz-vm$ii, 

*t*y2 3 tligiJ^W^-v-v-^ff 1 35r^UTir 
>-»>-*48Sr©*)#^T^5lwt>Mipt>-r, K»««5h^ 

[0 0 5 4] iWi6Lfc3ll(t«fB*»f»JR4-t-5«* 

[0 0 5 5] ST. IH3 (a) »4. T^-fcyO^yH 4 

*5/— A- K'<*A-4 1 Srlfr»Ufctftlte**Wffl«aiah 



teBfl 2001-296193 
10 

i:B»«i--&Ho©E«)±ia«B«Jrtfi«cBI3 (a) fc^S 
H5i54^4 2$MRtt, ^<DWX4 2tr,fcoTJgj& 

5<t5 tc-T -5„ y - K^i¥ 2 5;)* ->-A- K/<^ A- 

4 1 k&tilLX*mm*m&tf£.Cti:\,*£i, ->-/uK 
✓<-*A-4 l«D4 ] *:g|5l^l±ii^4^#$roPP4 3Sr^fS; 
i~3 J: 9 J--f~5 0 te<D*»iffc:BaL-CB:Bll*5.fcU { BI2«: 

[0 0 5 6] ^©J;5*«5tSriafflLfcah&, ->-/u K 
m&&&Lfr (bt£Z>T? ±X/<*;is 1 4 <7>gE?SJf CD^£ > 

[0 0 5 7] rttir(4®!l3 v #lttS*ttfOi"-^K 
^yu^r^-->^^^i 3<O^Ptrii!9#lt, 
— a- hv^^ta^ffi^.- y h 1 2 k<nffl\z£m\Bli£ 

[0 0 5 8] E13 (b) 14, 1^71)^2 

7a, 27 btCft^-C^attas^tttt-^bftS^y^a. 
4 4, 4 4*-flJfflbT-fe^-y-tt8SrllItei^r^Lfc 
&MWX-ibZ><, ■7y>s=L4 4(omUk LTI4, #J;L»4\ 
J1S PBC2*t («3R<o^A) «<75*«-Sr*iJffl-rS^t^^r 

[0 0 5 9] 3Et^. 1213 (b) K*£ax£ J; -5^— 

^ffit«9#»t^-^-^3 7^^— ->V^*fr 1 3Sr1fAi- 
[0 0 6 0] 

fa-? t*-mtvtzmn%>m^-~v b&im&mm 
w$frhi&z>>r-*si'-?\zLii5Libi>mj$i.k Ltz<ox\ mm 

t;:, ^sc^bro/'-rxroff Ai>&j±&tiz>o :<oss, 

mm => 4 *J 4 ttJ =• W ^ k T - •> v ^ t O H \z + ^ 
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[0 0 6 1] JEic v ^t±S3-f/v-/5^(Off^-SrtoS-rSfl; 

v^S:*riti-5J:5»-b-Cl^50-e, 20 
ioTaSCLfcT^-fe^/^ASrSliitUT'ir— 

[0 0 6 2] -t LT, itHrAPx, T^t^^tl 

S»*Sr»-5ii*s^I1SEi:4*). US h A* * v-y-cDB£ 
[0 0 6 3] t. tz. ^7!) V^trft*.r|HKtt**Wf 30 

[0 0 6 4] JgK, a«t»ttj3-=iy h,k<5r— 'y>if<OM 

=> A <t , ^-->^^tc-<TlJ yW5"> a S:^Lt 40 
lfc 9 tttt bixfc-fe v-frtt t <0ffi»«)<eitJtBa«*sa9»- 

?*mm L T-tr v-^W?rlSXi-?) £ i: ± o T£ C 
6«*W*3*«©iai±Sr. hA^&fctSffAwf&Tir^o 

ft -5. 

[mffiw«5#/£iftB^] 

[Ell] ^Wro-HJS^teW^^^ttSffliBM^hA 
^-fe>"^«)«j«w«ii»i:ov^r*ufc«4«H-c*)S. 

[12)2] si 2 (a) \-immmmfSt<omttimmmmm^. 50 
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(b) W:PllllfeJBttiO«|fc*»ffiffla5*h^^-fe^ 

[1213] 1213 (a) ttT?ir*'<*Ai1KjM*aj3.= y 
h t ron K^Afc^H&Lfc 

sia, 1)3 (b) ttisnfo-try 

h A* -fe yfCoPTS LfctfUJEI2iT-;ib£ 0 

[1214] &Sitffl^i;-XT7!JymrA©H^ 

T^Lfc$rE[2IT-*>S 0 

[las] mm<DW>ifct)&mmmm#.h**±>'*(omf& 

WtEBSico^T^ Lfc»rffil2IT-&^„ 
[^■§-W|ftW] 

1 X/<-* 7 

2 t"-3}-> 

3 ^T7^ >-i/(±S73« 
4, 5 ^7!)y^ 

6 a> K/U3 7 A 

8 tyffi 

9 /T7U>^yt7l- 

10 =7 y 9 

1 1 mmm 

1 2 BMWftfflMy h 

1 3 *r— >>i/*#: 

13a, 13b «*U*ffl3-=. S ' b^&^ftwpjSSBlc: 

1 4 7 A 

1 5 -Jr—J/V^ 
1 6 

1 7 WtfW*;fr«-tt*t 

1 8 ^.-yy^ >m 

1 9 ^7 , 7-f >f* 

2 0 ^ffirj-TA 

2 1 j^m^A 

2 2 a, 22b Jib&a'fA 

2 3 a-f AjR tr^ 

2 4 3—^ 

25 y - KttK 

2 6a, 26b RiS?L 

2 7a, 27b ^<T >J 

2 8 Cflia«-&gB 

2 9a, 29b 7 5 V£*g|J 

3 0a, 30b 
3 1a, 31b 

32 h^^Ha- 
3 3 a*** SB 
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3 4 =>*?*tttr— 7* 

3 5 ^y"f- 

3 7 tr—i/^y&Vtttfx^—* 

38a, 38b C!J 

3 9 mm 

4 0 J§jg 

4 1 ->-/UhV^^ 

4 2 ^ 

4 3 BBa 



[Hi] 
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14 

4 4 z/y^n. 
4 5 Stf 

1 0 O /UzRlf ^ 

1 0 1 «ltli3>f 
1 0 2 /w K 
1 0 3 3 — ^ 
1 0 4 *<T !J 
1 0 5 -feVlMft 



[02] 



(a) 
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